INTRODUCTION
In a study of the fundamental physiology of micro6rganisms it is essential that all the individuals of the culture population be subjected, as nearly as possible, to uniform environmental conditions. Not only must the organic and mineral constituents of the medium be made available to all cells, but the gaseous environment and temperature must be controlled; and the products of metabolism, if not removed, must be uniformly distributed. These conditions are usually far from being realized in the ordinary bacterial culture. In the case of a bacterial colony on a solid medium, for example, the lower layers of organisms lie in intimate contact with the food material. As development of the colony proceeds, however, the oxygen supply becomes more restricted and the products of metabolism, elaborated by these organisms and those massed above them, pollute and poison the food supply. Those on the surface, on the other hand, have ready access to the oxygen supply, but they must depend for their food upon either the movement upward of nutrients through the masses of organisms beneath, or, wholly or in part, on the products of their metabolism. Only on the very edges of the colony does anything approaching a satisfactory condition exist; and even here the medium is often heavily infiltrated with bacterial wastes or other products of colony activity. The situation is comparable to that A student of human physiology could hardly use with satisfaction the population of the hypothetical city just mentioned as the subject of his experiments on the fundamental needs of human beings, even if it were possible to do so; and it would seem equally unsafe to base conclusions, as to the fundamental physiology of any bacterial species, on the results obtained with cultures grown under conditions so thoroughly uncontrolled. Indeed, the wide variation in results of experiments, and the fact that they are sometimes irreproducible, are in large part to be explained on the grounds of inadequate cultural control.
Bacteriologists, and others, are vitally interested, of course, in the products of mass activities of microorganisms. In Nature, ideal laboratory conditions probably rarely, if ever, exist. Bacteriological workers, in their study of species, will continue to make use of the time-honored and useful, though inexact, cultural methods now employed; but it is believed that more rapid and satisfactory progress will be made in the field of bacteriological research as new means are found to bring under more complete control the factors influencing bacterial metabolism. figure 1 .
The device as illustrated consists of a central vertical tube (A) about ' inch in diameter and 10 inches long, enlarged near the top into a bulb (B) having a neck of sufficient length to receive the usual cotton plug, and communicating at the base with a spiral tube (C) having an internal diameter of about -inch, which loosely circles the central vessel in a series of coils and opens into it at the point (0) a short distance below the bulb. At the base of the spiral tube, designated as point (X) in the illustration, an air-inlet tube (D) of about ' inch internal diameter is inserted and fused which has a tip (T) about j inch long projecting upward into the spiral (see also offset detail drawing). The body of this tube parallels the walls of the central chamber within the circle of the spiral coils and is supported by the solid bar (Z) which is fused at one end with the wall of the air-inlet tube and at the other end with the wall of the central vessel. The upper end of the airinlet tube is bent to a right angle to facilitate attachment with the compressed air, or other gas supply, and the arm is of sufficient length to receive a small cotton plug.
The complete vessel as shown here has a working capacity of about 75 ml., though the capacity may be varied, of course, by the use of larger or smaller tubing in its construction.
Pyrex glass has been employed in the manufacture of the vessels used by the writers. This avoids the possible alteration of the hydrogen-ion concentration of the medium through absorption of basic substances from the glass, an important consideration where careful work must be done, as has been pointed out by Esty and Cathcart (1921) , and reduces the breakage which is often so disastrous to an experiment. The apparatus described is sturdy and will stand ordinary laboratory handling with a minimum of breakage.
OPERATION
Since sterilization of the medium within a culture tube often results in partial loss of water, and consequent modification of the concentration of the nutrient constituents of the medium, it has been the practice of the writers to sterilize the medium and culture vessel separately and then to distribute the medium to the culture tubes and vessels, using aseptic precautions. The sterilization of this vessel is carried out in the usual manner, either dry in the hot air oven or moist in the autoclave. Because of saving in time and less danger of breakage the writers have preferred the latter method. Before sterilization, both openings of the vessel are plugged with cotton. When sterilized, the medium is introduced, with aseptic precautions, until the level of the liquid reaches a little above the outlet (0). Inoculation is now made and the culture vessel is ready to be set up within the incubator. The vessel may be suspended by wire from a bar, held by a clamp or placed in a suitable support. It is desirable that the tip from which the bubbles of air or gas emerge be visible for the careful regulation of the rate of aeration. The cotton plug of the airinlet tube is now flamed flush with the end of the tube and left in place, the rubber tube connection with the air or gas supply being slipped on over it. Both cotton plugs must be dry; of course, to allow of the movement of the air through them. All that remains to do is to regulate the gas flow, which must be controlled by needle valve or other delicately adjusting device. Compressed air, artificial gas mixtures or inert gas may be used as desired. If found desirable to pass the air or gas through a scrubber a second vessel like the one described will be found most effective.
A thorough aeration of the culture results from the continuous liberation of bubbles of air or gas into the base of the spiral and their passage upward to the top of the tube. Not only is the culture brought into intimate contact with bubbles but the entire culture is kept in gentle but constant circulation, due to the fact that the bubbles in rising force the liquid upward with them. The rate at which this aeration and circulation takes place depends, of course, upon the rate of bubbling.
Positive circulation takes place effectively in the vessel as described when bubbles are introduced at the rate of one bubble per second. At this rate 10 bubbles totaling 1 ml. in volume are constantly in contact with the medium. At this rate of bubbling a complete circulation of the entire culture has been found to take place once every fifty-five seconds. A faster rate of bubbling brings more bubbles into contact with the medium and shortens the period of complete circulation accordingly. The rate and completeness of circulation is dependent to some extent on the size of the bubbles as well as on the rate at which they emerge from the tip. Under working conditions as here set forth, the average size of bubbles formed at the operation rate of sixty bubbles per minute was found to be one-tenth of 1 ml. and the number of bubbles actually in contact with the medium for this rate was ten. In other words, 1 ml. of air in the form of ten bubbles was constantly in contact with the medium. At rates of operation above about 170 bubbles per minute the bubbles tended to coalesce progressively as the rate of bubbling was increased, thus reducing, relatively, the aerating surface exposed. The movement of the medium through the vessel was correspondingly increased, however, so that abundant aeration was secured. Table 1 is based on numerous observations showing the effect of different rates of bubbling on the time required for complete circulation of the medium and on the number of bubbles and their total volume in the medium at one time. 0 
DISCUSSION
The use of the spiral in gas scrubber and gas absorption vessels is not new, the principle being applied in the Milligan gas absorption apparatus which made its appearance several years ago. It was also made use of in a somewhat different way by Bishop (1923) in his study of the body fluid of the honey bee larva. These vessels, however, are made up of several units which, in the experience of the writers, makes them particularly liable to breakage and difficult to sterilize satisfactorily. The culture vessel here described is a single unit and is easily cleaned, sterilized and handled. It is so constructed that samples of the medium may be readily removed for chemical or other examination, and by substituting a suitable stopper and tube in the place of the cotton plug gases may also be collected for analysis. The vessel is particularly well adapted to the cultivation of pellicle formers as the organisms are kept in constant motion and pellicles do not form. In operation, it provides for thorough aeration of all organisms in the culture, assures the even distribution of all products of metabolism, and in the laboratories of the writers has solved a number of difficulties hitherto encountered in controlling the growth and activities of bacteria under study.
CONCLUSION
A new culture vessel is described and illustrated which in operation provides for the thorough aeration of cultures, assures the uniform distribution of the products of metabolism, and facilitates the study of bacterial activities.
